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STRUCTURE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Patent
Application No. PCT/JP2017/039921 filed on Nov. 6, 2017,
the entire disclosures of which 1s incorporated herein by
reference.

TECHNICAL FIELD

The present invention relates to a structure having a
capability of absorbing hydrogen and a method of manu-
facturing the same.

BACKGROUND ART

As a means for storing hydrogen, a hydrogen absorption
metal or a hydrogen absorption alloy can be used. PTL 1
describes a method of manufacturing a hydrogen absorption
alloy. In this manufacturing method, an rf arc plasma 1is
formed 1n an evacuated vacuum container, T1 and Cu, or Ti,
Cu, and S1 vapors are made to react in the plasma, and a fine
powder of T1—Cu alloy or T1i—Cu—=S1 alloy 1s thus formed
and collected. According to PTL 1, since the fine powder
manufactured by this manufacturing method has a large
surface area, a hydrogen absorption amount about 10 to 30
times larger than a conventional one 1s implemented.

CITATION LIST

Patent Literature

PTL 1: Japanese Patent Laid-Open No. 61-270301

SUMMARY OF INVENTION

Technical Problem

Particles containing a hydrogen absorption metal element
such as a hydrogen absorption metal or a hydrogen absorp-
tion alloy can generate heat when absorbing hydrogen. In
particular, when the size of each particle 1s made small to
increase the surface area of the particles per unit area, the
hydrogen absorption efliciency can improve, and the heat
generation amount when absorbing hydrogen can also
increase. When the heat generation amount increases, the
particles can agglomerate. Alternatively, even 1n a case in
which heat 1s applied from the outside to the particles, the
particles can agglomerate. When the particles agglomerate,
the hydrogen absorption capability can lower.

It 1s an object of the present invention to suppress the
agglomeration of a plurality of particles containing a hydro-
gen absorption metal element.

Solution to Problem

The first aspect of the present imvention concerns a
structure, and 1n the structure, a plurality of particles each
contaiming a hydrogen absorption metal eclement are
arranged 1n a fixed member such that the plurality of
particles are apart from each other, and an entire surface of
cach of the plurality of particles 1s surrounded by the fixed
member.
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2

The second aspect of the present mvention concerns a
method of manufacturing a structure, and the manufacturing
method includes a first step of forming a plurality of
particles each containing a hydrogen absorption metal ele-
ment such that the plurality of particles are apart from each
other, and a second step of forming a film to cover the
plurality of particles.

Advantageous Effects of Invention

According to the present invention, the agglomeration of
a plurality of particles containing a hydrogen absorption
metal element 1s suppressed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic sectional view of a structure
according to the first embodiment of the present invention;

FIG. 2 1s a schematic sectional view of the structure
according to the first embodiment of the present invention;

FIG. 3A 1s a view for explaining a method of manufac-
turing the structure according to the first embodiment of the
present 1nvention;

FIG. 3B 1s a view for explaining the method of manu-
facturing the structure according to the first embodiment of
the present invention;

FIG. 3C 1s a view for explaining the method of manu-
facturing the structure according to the first embodiment of
the present invention;

FIG. 3D 1s a view for explamning the method of manu-
facturing the structure according to the first embodiment of
the present mvention;

FIG. 4A shows a TEM 1mage of a section of a structure
according to an example;

FIG. 4B shows a TEM 1mage of a section of the structure
according to the example (an enlarged view of FIG. 4A);

FIG. SA shows a TEM 1mage of a section of a structure
alter a heat treatment 1s performed;

FIG. 5B shows a TEM 1mage of a section of the structure
alter a heat treatment was performed (an enlarged view of
FIG. SA);

FIG. 6A 1s a view showing the result of EDX analysis of
the structure shown in FIG. 4A;

FIG. 6B 1s a view showing the result of EDX analysis of
the structure shown in FIG. 5A:;

FIG. 7 1s a schematic sectional view of a structure
according to the second embodiment of the present inven-
tion; and

FIG. 8 1s a schematic sectional view of a structure
according to the third embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

The present invention will now be described with refer-
ence to the accompanying drawings by way of exemplary
embodiments.

First Embodiment

FIGS. 1 and 2 are schematic sectional views of a structure
1 according to the first embodiment of the present invention.
Here, FIG. 2 corresponds to an enlarged view of a part of a
section taken along a line A-A'1n FIG. 1. The structure 1 has
a structure 1n which a plurality of particles 3 are arranged 1n
a fixed member 10 such that they are apart from each other.

The fixed member 10 has a function of keeping the
plurality of particles 3 in a state 1n which they are apart from
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cach other even under a high temperature environment and
functions to, for example, fix the positions of the plurality of
particles 3. Fach of the plurality of particles 3 contains a
hydrogen absorption metal element. The fixed member 10
can include, for example, a base 2 and a film 4 arranged on
the base 2. The entire surface of each of the plurality of
particles 3 1s surrounded by the fixed member 10.

The particle 3 1s a particle made of a material containing
a hydrogen absorption metal element, and can contain, for
example, at least one of a particle of a hydrogen absorption
metal and a particle of a hydrogen absorption alloy. The
hydrogen absorption metal element can be at least one
clement selected from the group consisting of, for example,
Pd, Ni, Cu, T1, Nb, Zr, Mg, Mn, V, Fe, and a rare earth
clement. The hydrogen absorption alloy can be at least one
alloy selected from the group consisting of, for example, a

Pd/N1 alloy, a Pd/Cu alloy, an Mg/Zn alloy, a Zr/Ni alloy, a
Zr/N1/Mn alloy, a T1/Fe alloy, a T1/Co alloy, an La/Ni alloy,
an Re/N1 alloy, an Mn/Ni1 alloy, a Ca/N1 alloy, a T1/V alloy,
a '11/Cr alloy, a T1/Cr/V alloy, an Mg/Ni alloy, and an Mg/Cu
alloy. The size of each of the plurality of particles 3 can be,
for example, 2 nm (inclusive) to 1,000 nm (inclusive). From
the viewpoint of increasing the total surface area of the
plurality of particles 3, the size of each of the plurality of
particles 3 1s preferably 2 nm (inclusive) to 100 nm (inclu-
sive), and more preferably 2 nm (inclusive) to 10 nm
(inclusive). The particle 3 1s preferably a crystal, and may be
a single crystal or may be a polycrystal.

The film 4 can be made of a high melting point material,
for example, a material having a melting point of 1,400° C.
or more. The film 4 can contain a plurality of microcrystals
but may be amorphous. The film 4 can contain, for example,
at least one of an oxide (for example, at least one of MgO,
/r0,, 7r0O,.Y ,0,, Ca0, S10,, and Al,O,) and a nitride ({or
example, at least one of S1,N, and AIN).

The base 2 can be, for example, an S1 substrate or a base
formed by forming an S10, film on an S1 substrate, but may
be made of another material (for example, a metal or an
insulator). The base 2 1s preferably made of, for example, a
material having a melting point of 1,400° C. or more. The
base 2 may be a member such as a film made of the same
maternial as the film 4 or may be a member such as a film
made of a material different from that of the film 4. The base
2 may be a self-supporting member or may be a member
supported by another member.

In a case 1 which the film 4 of the high melting point
material that makes the plurality of particles 3 apart from
cach other does not exist, when each particle 3 absorbs
hydrogen and generates heat, two or more particles 3 located
in the vicinity can agglomerate due to the heat. This can
increase the size of each particle and lower the hydrogen
absorption capability. The existence of the film 4 of the high
melting point material that makes the plurality of particles 3
apart from each other suppresses the agglomeration of two
or more particles 3 located 1n the vicinity, which occurs due
to the heat generated when the particles 3 absorb hydrogen.
In addition, the existence of the film 4 of the high melting
point material also suppresses the formation of an alloy of
the particles 3 and the substance of the film 4, which occurs
due to the heat generated when the particles 3 absorb
hydrogen. The heat resistance required for the film 4 1s a heat
resistance that prevents melting at the time of heat genera-
tion of the structure 1. The temperature at the time of heat
generation of the structure 1 depends on the material of the
particles 3, the density of the particles 3 1n the structure 1,
a hydrogen 1sotope gas pressure, and the like, and therefore,
cannot be uniformly defined. For this reason, the material of
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the film 4 1s preferably selected appropriately 1n accordance
with the use environment, and 1s, for example, a material
having a melting point of 1,400° C. or more. The distance
between the plurality of particles 3 kept apart by the fixed
member 10 1s preferably 1 nm (inclusive) to 10 nm (inclu-
sive). This 1s because 11 the distance between the plurality of
particles 3 kept apart increases, the content of the hydrogen
absorption metal or hydrogen absorption alloy 1n the struc-
ture 1 undesirably lowers.

The plurality of particles 3 can include particles 3' that are
two-dimensionally arranged along the surface of the base 2
so as to come 1nto contact with the surface of the base 2. The
particles 3' are arranged apart from each other intermediated
by the film 4 and are also covered with the film 4.

A method of manufacturing the structure 1 can include a
first step of forming the plurality of particles 3 each con-
taimning a hydrogen absorption metal element such that the
particles 3 are apart from each other and arranging each
particle 3 in an 1sland shape, as shown 1n FIG. 3A, and a
second step of forming the film 4 to cover the plurality of
particles 3, as shown 1n FIG. 3B. When processing including
the first step and the second step 1s executed a plurality of
times, the layers are stacked as shown in FIGS. 3C and 3D,
and as a result, the structure 1 including the plurality of
particles 3 whose distances from the surface of the base 2 are
different from each other, as shown in FIG. 1, can be
obtained. In one example, in the first step, the plurality of
particles 3 can be formed by sputtering, and in the second
step, the film 4 can be formed by sputtering so as to cover
the surface of each particle 3. In another example, at least
one of the first step and the second step can be executed by
a deposition method (for example, CVD, ALD, vacuum
deposition, or plasma spray) other than sputtering. In par-
ticular, when the hydrogen absorption material as described
above 1s formed using a physical deposition method, 1t 1s
possible to control the size of each particle of a hydrogen
absorption metal or a hydrogen absorption alloy, increase the
content of particles of a desired size, improve the crystal-
linity of the particles, and suppress diffusion 1nto an adjacent
different matenial, as compared to a case in which the
hydrogen absorption material 1s synthesized 1n a solution or
a case 1n which the synthesis 1s performed by melting and
quick cooling later (melt spinning).

In one example, processing including the first step of
forming the plurality of particles 3 by sputtering and the
second step of forming the film 4 by sputtering can be
repeated a plurality of times. In addition, after the base 2 1s
loaded 1nto a sputtering apparatus, the processing including
the first step and the second step can be repeated in the
sputtering apparatus without unloading the base 2 from the
sputtering apparatus. For example, after the base 2 1s
arranged 1n one processing chamber of the sputtering appa-
ratus, the processing including the first step and the second
step can be repeated without extracting the base 2 from the
processing chamber. Alternatively, in a case 1n which the
sputtering apparatus includes a vacuum system including a
plurality of processing chambers, after the base 2 1s loaded
into the vacuum system of the sputtering apparatus, the
processing including the first step and the second step can be
repeated without extracting the base 2 from the vacuum
system.

In the above-described example, 1n the first step, the
pressure in the chamber 1s maintained at a pressure within
the range of 0.02 Pa to 5 Pa, a DC power within the range
of 0.05 kW to 5 kW 1s applied to a target made of the
constituent material of the particles 3 containing the hydro-
gen absorption metal element, and an inert gas can be
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supplied as a sputtering gas into the chamber. The target
contains at least one of a hydrogen absorption metal and a
hydrogen absorption alloy. The target can be either a pure
metal or an alloy. The target contains, for example, at least
one of the hydrogen absorption metals and the hydrogen
absorption alloys listed as the materials usable to form the
particles 3 at the beginning of the first embodiment. This can
form the plurality of particles 3 located apart from each
other. Additionally, in the second step, the pressure 1n the
chamber 1s maintained at a pressure within the range of 0.02
Pa to 5 Pa, a power within the range of 0.1 kW to 2 kW 1s
applied to a target made of the constituent material of the
film 4, and an inert gas can be supplied into the chamber.

EXAMPLE

An example in which Cu particles are formed as particles
3, and an MgO film 1s formed as a film 4 will be described.
In this example, when examiming the agglomeration sup-
pressing ellect, Cu that 1s a metal that agglomerates rela-
tively easily and can be a constituent element of a hydrogen
absorption alloy that was selected as the constituent element
of the particles 3.

An S1 substrate (base) with an S10, film formed on the
surface by thermal oxidation was prepared, the first step and
the second step below were alternately repeated 10 times,
and a Cu film was formed 1n a third step below, thereby
completing a structure 1. A Cu film target and an MgO target
were mounted 1n a sputtering apparatus. Processing includ-
ing the first step and the second step was repeated 10 times
for the base without extracting the base from the chamber.

(First Step)

In the first step, the pressure in the chamber was main-
tained at 0.02 Pa, a DC power of 0.1 kW was supplied to the
Cu target, and an argon gas was used as a sputtering gas.

(Second Step)

In the second step, the pressure in the chamber was
maintained at 0.05 Pa, a high-frequency power of 1.1 kW
was supplied to the MgO target, and an argon gas was used
as a sputtering gas.

(Third Step)

In the third step, the pressure in the chamber was main-
tained at 0.02 Pa, a DC power of 0.1 kW was supplied to the
Cu target, and an argon gas was used as a sputtering gas.

FIG. 4A shows a TEM 1mage of a section of the structure
1 formed by the above-described example, and FIG. 4B 1s an
enlarged view of a part shown in FIG. 4A. FIG. 5A shows
a TEM 1mage of a section of a structure 1' after a heat
treatment was performed at 400° C. for 10 hrs for the
structure 1 formed 1n the above-described example, and FIG.
5B 1s an enlarged view of a part shown 1n FIG. SA. FIG. 6 A
shows the result of EDX analysis of the structure 1 shown
in FIG. 4A, and FIG. 6B shows the result of EDX analysis
of the structure 1' shown 1n FIG. 5A. In FIGS. 6 A and 6B,
the abscissa represents the distance from the surface of the
structure 1 or 1, and the ordinate represents an X-ray
detection intensity. Note that the structure 1' 1s a sample used
to estimate the state of the structure 1 after hydrogen 1s
absorbed, and heat 1s generated.

In FIG. 6 A concerning the structure 1, peaks representing,
the Mg element and the O element exist between peaks
representing the Cu element, and the positions of the peaks
representing the Mg element and the positions of the peaks
representing the O element match. This shows that the Cu
particles and the MgO film alternately exist. Additionally, as
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1s apparent from FI1G. 4B concerning the structure 1, each Cu
particle whose size 1s controlled to about 5 nm 1s surrounded

by the MgO film.

In FIG. 6B concerning the structure 1' after the structure
1 1s heated, peaks representing the Mg element and the O
clement exist between peaks representing the Cu element,
and the positions of the peaks representing the Mg element
and the positions of the peaks representing the O element
match, as i FIG. 6A. This shows that the Cu particles and
the MgO film alternately exist even after heating, and the Cu
particles maintain the original arrangement. Additionally, as
1s apparent from FIG. 5B concerning the structure 1', even
after the heating, each Cu particle 1s surrounded by the MgO
film, and the Cu particle has a size of about 5 nm and
maintains the size before the heating. As can be seen from
FIGS. 5A and 5B, Cu on the outermost surface, which 1s not
surrounded by MgQO, agglomerates due to the heating.

Second Embodiment

The second embodiment of the present invention will be
described below with reference to FIG. 7. Note that matters
that are not mentioned as the second embodiment can
comply with the first embodiment. In a structure 1 according
to the second embodiment, an 1nert gas 7 exists on a film 4
(lixed member 10). For example, the content of the inert gas
7 1n the film 4 1s, for example, 0.5 at % or more. The film
4 can contain a plurality of microcrystals. The inert gas 7
exists, for example, at the grain boundaries of the plurality
of microcrystals. When the inert gas 1s actively taken in the
grain boundaries of the film 4, 1t 1s possible to suppress water
in the air from entering the structure 1 via the grain bound-
aries, oxidizing particles 3, and lowering the hydrogen
absorption capability.

In addition, when the inert gas 7 taken in the grain
boundaries 1s removed, a passage (space) can be generated.
This passage can function as the pathway of hydrogen when
the structure 1 absorbs hydrogen. Hence, the more actively
the inert gas 7 1s taken in the film 4, and the larger the
number of grain boundaries 1n the film 4 1s made, the more
readily hydrogen reaches the inside of the structure 1, and
the more the hydrogen absorption capability can be
improved.

For these reasons, the inert gas 7 taken 1n the structure 1
1s preferably removed immediately before the structure 1
(particles 3) absorbs hydrogen. The removal of the inert gas
7 can be done by, for example, heating the structure 1.

A method of manufacturing the structure 1 according to
the second embodiment can include a first step of forming
the plurality of particles 3 each containing a hydrogen
absorption metal element such that the particles 3 are apart
from each other, and a second step of forming the film 4 to
cover the plurality of particles 3. In particular, when depo-
sition conditions such as a pressure and a discharge voltage
in the second step are adjusted, inert gas atoms can actively
be taken 1n the grain boundaries of the film 4. Here, when
processing including the first step and the second step 1s
executed a plurality of times, the structure 1 including the
plurality of particles 3 whose distances from the surface of
a base 2 are different from each other, as shown 1n FIG. 7,
can be obtained. In one example, 1n the first step, the
plurality of particles 3 can be formed by sputtering, and in
the second step, the film 4 can be formed by sputtering. In
another example, at least one of the first step and the second
step can be executed by a deposition method (for example,
CVD, ALD, vacuum deposition, or plasma spray) other than
sputtering.
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In one example, processing including the first step of
tforming the plurality of particles 3 by sputtering and the

second step of forming the film 4 by sputtering can be
repeated a plurality of times. In addition, after the base 2 1s
loaded 1nto a sputtering apparatus, the processing including
the first step and the second step can be repeated in the
sputtering apparatus without unloading the base 2 from the
sputtering apparatus. For example, after the base 2 1s
arranged 1n one processing chamber of the sputtering appa-
ratus, the processing including the first step and the second
step can be repeated without extracting the base 2 from the
processing chamber. Alternatively, in a case in which the
sputtering apparatus includes a vacuum system including a
plurality of processing chambers, after the base 2 1s loaded
into the vacuum system ol the sputtering apparatus, the
processing including the first step and the second step can be
repeated without extracting the base 2 from the vacuum
system.

In the above-described example, in the first step, the
pressure in the chamber 1s maintained at a pressure within
the range of 0.02 Pa to 5 Pa, a DC power within the range
of 0.05 kW to 5 kW 1s applied to a target made of the
constituent material of the particles 3 containing the hydro-
gen absorption metal element, and an inert gas can be
supplied as a sputtering gas into the chamber. Accordingly,
the plurality of particles 3 apart from each other can be
formed. Additionally, 1n the second step, the pressure in the
chamber changes depending on the material of the film 4, or
the like, and therefore, cannot be uniformly defined. How-
ever, the pressure 1s preferably low within the pressure range
in which a plasma i1s generated, and 1s maintained at a
pressure within the range of 0.02 Pa to 5 Pa. This 1s because
when sputtering gas atoms (inert gas atoms) that collide
against the target and are reflected reach the film formation
target (base 2) without colliding against atoms and 10ns, that
1s, without losing the held energy as much as possible belfore
reaching the film formation target, the atoms are readily
implanted from the surface of the film 4 (fixed member 10)
to the 1inside, and the content of the sputtering gas (inert gas
7) 1n the film 4 (fixed member 10) can be increased.

Additionally, 1n a case in which the sputtering conditions
and the sputtering spatial structure are the same, a voltage
(for example, a self-bias voltage 1n a case of high-frequency
discharge) to be generated by the target made of the con-
stituent material of the film 4 15 a voltage unique to the target
material to be used and can be a voltage corresponding to an
energy equal to or more than an energy needed for the
sputtering. The larger the surplus energy relative to the
energy needed for the sputtering becomes, the larger the
incident energy of the sputtering gas atoms (inert gas atoms),
which are reflected by the target, into the film formation
target becomes, and the more readily the sputtering gas
atoms (inert gas atoms) are implanted into the film 4. For
example, the supply power can be adjusted such that a
seli-bias voltage within the range of =100 V to =300 V 1s

generated by the target made of the constituent material of
the film 4.

Third E

Embodiment

The third embodiment of the present invention will be
described below with reference to FIG. 8. Note that matters
that are not mentioned as the third embodiment can comply
with the first or second embodiment. A structure 1 according,
to the third embodiment includes a coating film 8 so as to
cover a film 4 (fixed member 10), and the coating film 8
contains an iert gas 7. The content of the inert gas 7 in the
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coating film 8 1s, for example, 0.5 at % or more. In this
example, the content of the 1nert gas 7 1n the coating film 8
1s larger than the content of the mnert gas 7 1n the film 4 (fixed
member 10).

The coating film 8 1s a film provided for the purpose of
actively taking in the mert gas 7. For this reason, the element
that forms the coating film 8 and the deposition conditions
of the coating film 8 can be set by considering, with highest
priority, taking the mert gas 7 1n the film. When the inert gas
1s actively taken in the grain boundaries of the coating film
8, 1t 15 possible to suppress water 1n the air from entering the
structure 1 via the grain boundaries, oxidizing particles 3,
and lowering the hydrogen absorption capability.

In addition, when the inert gas 7 taken in the grain
boundaries 1s removed, a passage (space) can be generated.
This passage can function as the pathway of hydrogen when
the structure 1 absorbs hydrogen. Hence, the more actively
the 1nert gas 7 1s taken 1n the coating film 8, and the larger
the number of grain boundaries 1n the coating f1lm 8 1s made,
the more readily hydrogen reaches the mside of the structure
1, and the more the hydrogen absorptlon capability can be
1mpr0ved For these reasons, as 1n the second embodiment,
the 1nert gas 7 1s preferably removed immediately before the
structure 1 (particles 3) absorbs hydrogen. The removal of
the inert gas 7 can be done by, for example, heating the
structure 1.

The coating film 8 1s preferably made of a material
containing an element of a large atomic weight. In other
words, a target used to deposit the coating film 8 1s prefer-
ably a material containing an element of a large atomic
weight. This 1s because of the following reason. In general,
the 1ons ol a sputtering gas (that 1s, the inert gas 7) are
accelerated on the target surface, collide against the target,
and eject the atoms that constitute the target. At the same
time, some 10ns change to atoms and are retlected while
holding the energy to some extent. Hence, when a target
containing an element of a large atomic weight 1s used, the
energy held by the reflected sputtering gas atoms can be
increased to facilitate implantation into the coating film 8. In
other words, the amount of the sputtering gas (inert gas) to
be taken 1n the structure 1 can be increased by providing, in
the structure 1, the coating film 8 having an atomic weight
or molecular weight larger than the atomic weight or
molecular weight of the film 4 (fixed member 10). The
increase 1n the content of the inert gas in the structure 1
enables suppression of oxidation of the particles 3 and an
increase 1n the space to pass hydrogen, and as a result,

cnables improvement of the hydrogen absorption capability,
as described above.

Note that the coating film 8 1s made of a high melting
point material due to the same reason as that for the film 4
(ixed member 10). When the coating film 8 melts and forms
an alloy with the particles 3 or the film 4, the hydrogen
absorption capability of the particles 3 lowers. Hence, the
coating film 8 needs to have a level of heat resistance to not
melt due to heat generated when the particles 3 absorb
hydrogen. Since the heat resistance depends on the material
of the particles 3, the density of the particles 3 1n the
structure 1, a hydrogen 1sotope gas pressure, and the like, the
material of the coating film 8 1s preferably selected appro-
priately 1n accordance with the use environment. For
example, the coating film 8 can be made of a material having
a melting point o1 1,400° C. or more. The coating {ilm 8 may
be made to the same material as that of the film 4, or may
be made of a diflerent material. The coating film 8 can
contain a plurality of microcrystals but may be amorphous.
The coating film 8 can contain, for example, at least one of
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an oxide (for example, at least one of MgO, ZrO.,,
7r0,.Y,0,, Ca0, S10,, and Al,O;) and a nitride (for
example, at least one of S1,N, and AIN).

A method of manufacturing the structure 1 according to
the third embodiment can include a first step of forming the
plurality of particles 3 each containing a hydrogen absorp-
tion metal element such that the particles 3 are apart from
cach other, and a second step of forming the film 4 to cover
the plurality of particles 3. Here, when processing including,
the first step and the second step 1s executed a plurality of
times, and a third step 1s then executed, the structure 1
including the plurality of particles 3 whose distances from
the surface of a base 2 are different from each other, as
shown 1n FIG. 8, can be obtained. In one example, 1n the first
step, the plurality of particles 3 can be formed by sputtering,
in the second step, the film 4 can be formed by sputtering,
and 1n the third step, the coating film 8 can be formed by
sputtering. In another example, at least one of the first step,
the second step, and the third step can be executed by a
deposition method (for example, CVD, ALD, vacuum depo-
sition, or plasma spray) other than sputtering.

In one example, the first step, the subsequent second step,
and the subsequent third step are performed as one cycle,
and the cycle can be repeated a plurality of times. In another
example, the first step, the subsequent second step, the
subsequent third step, and the subsequent second step are
performed as one cycle, and the cycle can be repeated a
plurality of times. In addition, after the base 2 1s loaded into
a sputtering apparatus, the processing including the first
step, the second step, and the third step can be repeated 1n
the sputtering apparatus without unloading the base 2 from
the sputtering apparatus. Alternatively, 1n a case in which the
sputtering apparatus mcludes a vacuum system including a
plurality of processing chambers, after the base 2 1s loaded
into the vacuum system of the sputtering apparatus, the
processing including the first step, the second step, and the
third step can be repeated without extracting the base 2 from
the vacuum system.

In the above-described example, in the first step, the
pressure 1n the chamber 1s maintained at a pressure within
the range of 0.02 Pa to 5 Pa, a DC power within the range
of 0.05 kW to 5 kW 1s applied to a target made of the
constituent material of the particles 3 containing the hydro-
gen absorption metal element, and an inert gas can be
supplied as a sputtering gas nto the chamber. Accordingly,
the plurality of particles 3 apart from each other can be
formed. Additionally, 1n the second step, the pressure in the
chamber 1s maintained at a pressure within the range of 0.02
Pa to 5 Pa, a DC power within the range of 0.1 kW to 2 kW
1s applied to a target made of the constituent material of the
f1lm 4, and an 1nert gas can be supplied into the chamber. The
pressure in the chamber in the third step i1s preferably low
within the pressure range in which a plasma 1s generated.
This 1s because when sputtering gas atoms (inert gas atoms)
that collide against the target and are reflected reach the film
formation target without colliding against other atoms and
ions, that 1s, without losing the held energy as much as
possible belore reaching the film formation target, the atoms
are readily implanted from the surface of the coating film 8
to the inside, and the concentration of the sputtering gas
atoms (inert gas atoms) in the coating film 8 can be
increased. As for the pressure in the chamber in the third
step, the inert gas 1s supplied such that the pressure 1s
maintained at a pressure within the range of 0.02 Pa to 5 Pa,
for example.

Additionally, a voltage to be generated by the target made
of the constituent material of the coating film 8 1s a voltage
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unmque to the target material to be used and can be a voltage
corresponding to an energy equal to or more than an energy
needed for the sputtering. This 1s because the larger the
surplus energy relative to the energy needed for the sput-
tering becomes, the larger the incident energy of the sput-
tering gas atoms (inert gas atoms ), which are retlected by the
target, into the film formation target becomes, and the more
readily the sputtering gas atoms (inert gas atoms) are taken
in the coating film 8. For example, the supply power can be
adjusted such that a self-bias voltage within the range of
-100 V to =500 V 1s generated by the target made of the
constituent material of the coating film 8.

The mvention claimed 1s:

1. A structure i which a plurality of particles each
containing a hydrogen absorption metal element are
arranged 1 a fixed member such that the plurality of
particles are apart from each other,

wherein an entire surface of each of the plurality of

particles 1s surrounded by the fixed member, and the
fixed member contains at least one of an oxide and a
nitride,

wherein the fixed member includes a base and a film

arranged on a surface of the base, distances from the
surface of the base to the plurality of particles having,
two or more values, and

wherein the film contains a plurality of microcrystals, and

an inert gas exists 1n a grain boundary between the
plurality of microcrystals.

2. The structure according to claim 1, wherein each of the
plurality of particles has a size of not more than 1,000 nm.

3. The structure according to claim 2, wherein each of the
plurality of particles has a size of not more than 100 nm.

4. The structure according to claim 1, wherein the fixed
member 1s substantially made of a material having a melting,
point of not less than 1,400° C.

5. The structure according to claim 1, wherein in the
plurality of particles, a distance between adjacent particles 1s
not less than 1 nm and 1s not greater than 10 nm.

6. The structure according to claim 1, further comprises a
coating film arranged to cover the fixed member.

7. The structure according to claim 1, wherein the fixed
member surrounds the entire surface of each of the plurality
of particles such that the fixed member 1s 1n contact with the
entire surface of each of the plurality of particles.

8. The structure according to claim 1, wherein the struc-
ture 1n which the plurality of particles are apart from each
other 1s maintained after a heat treatment 1s performed at
400° C. for 10 hours.

9. The structure according to claim 1, wherein the fixed
member includes at least one of MgO, ZrO,, Y,O,, CaO,
Al,O;, S1;N, and AIN.

10. A structure 1n which a plurality of particles each
containing a hydrogen absorption metal element are
arranged 1 a fixed member such that the plurality of
particles are apart from each other, wherein an entire surface
of each of the plurality of particles 1s surrounded by the fixed
member, wherein the fixed member contains a plurality of
microcrystals, and an inert gas exists 1 a grain boundary
between the plurality of microcrystals.

11. The structure according to claim 10, wherein a content
of the 1nert gas 1n the fixed member 1s not less than 0.5 at %.

12. A structure 1 which a plurality of particles each
containing a hydrogen absorption metal element are
arranged 1n a fixed member such that the plurality of
particles are apart from each other, wherein an entire surface
of each of the plurality of particles 1s surrounded by the fixed
member, wherein the fixed member includes a base and a
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film arranged on the base, the plurality of particles include
particles that are two-dimensionally arranged along a sur-
tace of the base and are each in contact with the surface of
the base, and the two-dimensionally arranged particles are
arranged apart from each other intermediated by the film and
are covered with the film, wherein the film contains a
plurality of microcrystals, and an inert gas exists 1n a grain
boundary between the plurality of microcrystals.

13. The structure according to claim 12, wherein each of
the plurality of particles 1s 1n contact with at least one of the
plurality of microcrystals of the film.

14. The structure according to claim 12, wherein the film
includes a first film arranged on the base, and a second film
arranged on the first film, the plurality of particles include
first particles that are two-dimensionally arranged along the
surface of the base so as to contact with the surface of the
base, and a second particles arranged between the first film
and the second film, and the two-dimensionally arranged
first particles are arranged apart from each other intermedi-
ated by the first film and are covered with the first film.

15. The structure according to claim 12, wherein the
plurality of particles turther include particles arranged above
the surface of the base so as to being apart from the surface
of the base.

16. The structure according to claim 12, further comprises
a coating film arranged to cover the fixed member.

17. A structure i which a plurality of particles each
containing a hydrogen absorption metal element are
arranged 1n a fixed member such that the plurality of
particles are apart from each other, wherein an entire surface
of each of the plurality of particles 1s surrounded by the fixed
member, wherein the structure further comprises a coating,
f1lm arranged to cover the fixed member, wherein the coating
film contains a plurality of microcrystals, and an 1nert gas
exists 1n a grain boundary between the plurality of micro-
crystals.
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18. The structure according to claim 17, wherein a content
of an 1nert gas 1n the coating film 1s higher than the content
of the mert gas 1n the fixed member.

19. The structure according to claim 17, wherein an
atomic weight or a molecular weight of the coating film 1s
larger than an atomic weight or a molecular weight of the
fixed member.

20. The structure according to claam 17, wherein the
content of the 1nert gas 1n the coating film 1s not less than 0.5
at %.

21. A method of manufacturing a structure, comprising:

a first step of forming a plurality of particles on or above

a base such that each of the plurality of particles
contains a hydrogen absorption metal element and the
plurality of particles are apart from each other; and

a second step of forming a film containing a plurality of

microcrystals to cover the plurality of particles,
wherein an 1nert gas exists in a grain boundary between
the plurality of microcrystals,

wherein processing including the first step and the second

step 1s repeated.

22. The method of manufacturing a structure according to
claim 21, wherein in the first step, the plurality of particles
are formed by sputtering, and in the second step, the film 1s
formed by sputtering.

23. The method of manufacturing a structure according to
claim 21, wherein 1n the first step, the plurality of particles
are formed by sputtering, and in the second step, the film 1s
formed by sputtering, and

alter the base 1s loaded into a sputtering apparatus, the

processing 1s repeated for the base without unloading
the base from the sputtering apparatus.

24. A hydrogen absorption structure comprising the struc-
ture according to claim 1.

G o e = x
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